The study of charmless b-hadron decays provides information for testing the CKM picture of CP violation in the Standard Model. In addition, as they can proceed through loop diagrams, they are also sensitive to physics beyond the Standard Model. A review of recent results from LHCb on charmless b-hadron decays is presented.
Introduction
Charmless b-hadron decays play a central role testing ground for the Standard Model. Recent results using data collected in 2011 at the LHCb detector [1] at √ s = 7 TeV, corresponding to an integrated luminosity of ∼ 1 fb −1 , are presented. branching fraction is measured to be
where the first uncertainty is statistical, the second systematic and the third and the fourth related to the uncertainty on the ratio of fragmentation fraction, f 
The effective lifetime measurement of the B s ), are measured [3] . The analysis uses a data driven approach to correct for the decay time acceptance introduced by the trigger and the final selection. The procedure consists in extracting the perevent acceptance function directly from data. The effective lifetimes are then determined using a factorised fit to the mass and decay time distributions (see Figure 2 ). The measured B 0 
ps which is the world best measurement and is compatible with the SM prediction. The dominant contribution to the systematic uncertainty come from the contamination from misidentified B → h + h − background channels. The measured lifetimes for
4 Measurement of CP violation in the phase space of
Charmless decays of B mesons to three hadrons are dominated by quasi-two body processes involving intermediate resonant states. The rich interference pattern makes them favorable for the investigations of CP asymmetries that are localized in the phase space. Interference between intermediate states of the decay can introduce large strong phase differences which can explain local asymmetries in the phase space [4, 5] . Another explanation focuses on final-state KK ↔ ππ rescattering, which can occur between decay channels with the same flavour quantum numbers [5, 6] . CP violation in the phase space of [7] . Events are selected requiring that the three charged tracks satisfy selection criteria related to their transverse momenta, vertex and track quality. Final state kaons and pions are further selected. Raw asymmetries are extracted from an unbinned maximum likelihood fit to the mass spectra of the selected candidates and then corrected for detector induced effects and for the B ± meson production asymmetry
The π ± detection asymmetry, A D (π ± ), is calculated using the ratio of full to partially reconstructed D * + → π + D 0 decays [8] , while the production asymmetry, A P (B ± ), is evaluated using B ± → J/ψK ± decay as control channel. The CP asymmetries are found to be
where the first uncertainty is statistical, the second is the systematic uncertainty and the third is due to the uncertainty on the measurement of the CP asymmetry of the B ± → J/ψK ± decay. These measurements represent the first evidence of inclusive CP asymmetries of the
± decays with significances of 3.2σ and 4.9σ respectively. Asymmetry distributions over the phase space have been studied, as reported in Figure 3 , where the raw asymmetries in each bin of the Dalitz plot are shown. For the B ± → π ± K + K − decays a large negative charge asymmetry is observed in the low m where no resonant contribution is expected. For B ± → π ± π − π + decays, a large positive charge asymmetry is measured in the low m 2 π + π − low < 0.4 GeV/c 2 and in the high m 2 π + π − high > 15 GeV/c 2 , not clearly associated to a resonant state. Unbinned extended maximum likelihood fits are performed to the mass spectra of the candidates in the regions where large raw asymmetries are found. The local charge asymmetries for the two regions are measured to be
where the first uncertainty is statistical, the second is the systematic uncertainty and the third is due to the uncertainty on the measurement of the CP asymmetry of the B ± → J/ψK ± decay. Those results along with recent theoretical developments, may indicate new mechanisms for CP asymmetries [4, 5, 6, 9] .
5 Measurement of polarization amplitudes and CP asymmetries in B 0 → φK * 0 decays
In the Standard Model the B 0 → φK * 0 decay is expected to proceed mainly via a gluonic penguin diagram. For this reason the measurement of CP violation in this decay is sensitive to possible physics beyond the Standard Model, arising in the penguin loop. Since this decay involves a spin-0 B meson decaying into two spin-1 vector mesons, due to angular momentum conservation, there are only three independent configurations of the final state spin vectors. They can be written in term of a longitudinal polarization, A 0 , and two transverse components with collinear, A || , and orthogonal, A ⊥ , polarizations.
Angular analyses have shown that the longitudinal and transverse components in this decay have roughly equal amplitudes. Similar results have been observed also in other B → V V transitions in contrast to treelevel decays [10, 11, 12, 13] . The different behaviour of tree and penguin decays has attracted much theoretical attention [14, 15] . In addition to the P-wave amplitudes, there are also contributions where
are produced in a spin-0 (S-wave) state, (A
). Polarization amplitudes and phases are measured by LHCb performing the studies of the angular distributions of the decay products [16] . Candidates are selected from charged tracks with high transverse momentum and impact parameter. Pions and kaons are then selected using particle identification information provided by the RICH detectors. The resulting charged tracks are combined to form φ and K * 0 meson candidates requiring the invariant mass to be close to the known mass. Kinematic and topological variables are then used in a geometric likelihood method to further suppress background, obtaining about 1800 candidates. A simultaneous fit to the invariant masses and angular observables distributions is performed. The angular analysis results are reported in Table 1 . The P-wave parameters are consistent with, 
+0.062 ± 0.062 ± 0.006 δ 0.022 ± 0.072 ± 0.004 Table 1 : Parameters measured in the angular analysis. The first and second uncertainties are statistical and systematic, respectively. The P-and S-wave fractions are defined as
but more precise than previous measurements and the value of f L indicates that longitudinal and transverse polarizations have similar size [17, 18] . Significant S-wave contributions, A
, are found in both the K + π − and K + K − systems. The CP asymmetries in both the amplitudes and the phases are consistent with zero. The largest systematic uncertainty on the angular analysis is due to the understanding of the detector acceptance which is determined from simulated events.
Conclusions
An overview of the latest LHCb results on charmless b-hadron decays has been given. First observation of b-baryons decays to hadronic three-body charmless final states has been obtained. The measured effective lifetime in the B 0 s → K + K − decay has been found compatible with the SM expectation. In the B ± → K + K − π ± and B ± → π + π − π ± decays, a large CP asymmetry has been found in regions of the Dalitz which do not correspond to resonant contributions. This may indicate new mechanisms for CP asymmetries. More interesting results are expected using the complete 2011 and 2012 available data samples which correspond to an integrated luminosity of ∼ 3 fb −1 .
